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Abstract

Today, works like those of A. SCHAFER (2000) conclude that personal mobility seems to be completely coupled to economic growth. As a direct consequence of economic development, transportation has become one of the major final energy consumers and one of the most important sources of carbon dioxide emissions. As a result, the apparently continuous increase of personal travel will be unsustainable in the long term. This situation poses a problem in a world that is actually trying to attain sustainability in transport. In this paper we propose to address this problem by analyzing the effects of time transport budget (TTB) oriented policies under the double constraint of rising energy prices and the environmental problem posed by carbon dioxide emissions. In order to quantify the results we will use the TILT (Transport Issues in the Long Term) model.

INTRODUCTION

In recent years, numerous studies agree on the fact that personal mobility seems to be completely coupled to economic growth and that this coupling poses a sustainability problem (given the energy consumption of transport and its CO2 emitting capacity). 
In consequence, it seems, more than ever crucial to question ourselves on the perspectives of mobility under the double constraint of rising energy prices and the environmental problem, without forgetting “sustainable economic growth, distributional and equity issues, and intergenerational concerns” (BANISTER, et al. 2005).
In France, during the last twenty years, we have seen an enormous increase in mobility demand which has multiplied transport activities’ negative effects on the environment and has raised the anxiousness of government officials and the general public. 
It is in part, from this preoccupation that spawned the Kyoto Protocol which was ratified by the European Union Member Countries, and was a first vital step towards further global emission reductions. 

In 2005, the Kyoto protocol signees committed to an average reduction of 2.8% of greenhouse gas (GHG) emissions by 2008–2012 (from the 1990 level). This goal would require concentrations of GHG well below 550 parts per million (ppm) CO2-equivalent. 
In order to have a reasonable chance of keeping concentrations well below 550 ppm CO2-equivalent, analyses for the EU Environment Council show that global emissions should be limited to an increase of 35 % above the 1990 level by 2020 and then decrease to 15 % below the 1990 level by 2050. However, to reduce the risk of overshooting the 2°C target, recent scientific insight has shown that global emissions should possibly be reduced by 50 % by 2050. 

This has pushed the EU Environment Council to adopt the conclusion that to achieve stabilization in an equitable manner, developed countries should reduce emissions by about 15–30 % by 2020 and 60–80 % by 2050, below the base year levels (1990). In this state of affairs and in view of the uncertainty concerning the ultimate goal, French authorities have fixed themselves a 75% reduction objective from the 2000 level to be attained by 2050. This objective will serve as our work base to the effects of this paper.
2. Background
Currently, transport activities in France are at the origin of 25% of energy consumption and are responsible for, at least, 30% of CO2 emissions. Eighty percent of these emissions come from road transport and even tough we have seen the birth of new technologies in the transport sector and that we have witnessed a growing “social conscience” on the subject, unfortunately, we have observed a very slow implementation of these environmentally friendly products and/or services. 
The main reason for this slow implementation of environmental solutions does not reside on a poor technology supply or on a faulty social conscience, it resides in a mismatch between technology supply and product/service demand (CROZET, Y., MUSSO, P. 2003). 

Following this line of reasoning, the reduction of GHG emissions implies not only the need for new technology use, boosted by a match in current technology supply and consumer demand through the use of incentive economic instruments. Most experts concur on the fact that technological progress cannot be effective if it is not accompanied by a deep change in organization and passenger behavior, especially if we are aiming at a very important reduction of GHG like the 75% reduction objective that French authorities have announced. This leads us to believe in the need for setting up a certain number of public policies ranging from inciting technological progress, to tolls or even rationing (tradable emission permits). 
In this state of matters, a number of sustainable scenarios (freight and passengers), essentially for European countries, are currently being developed and envisioned. Some of the preliminary results for the French passenger scenarios will be presented in this paper in order to show that technico-organizational policies can be mixed and used to attain significant carbon reductions in the future.
To begin developing these technico-organizational scenarios we adopted a travel time budget stability hypothesis just as it has been done in certain past prospective studies, notably by A. SCHAFER & D.G. VICTOR (2000). Starting out from this basis, our approach consists in supposing that stability in travel time budgets implies different forms of mobility saturation -especially concerning the personal vehicle share. Differences in mobility saturation are directly linked to the idea that any increase in passenger mobility (km/capita/year) is a direct consequence of an increase in average speed (CROZET, Y. JOLY, I. 2004). 
In this manner, transport modal saturation rhythms can be varied through the speed/GDP elasticity (which has proved to be fairly stable over time and very similar from one country to another –ENERDATA & LET studies-) in order to attain a decoupling between economic growth and personal mobility. In other words, speed increase, thus mobility, could be decoupled to some extent from economic growth through a different organization of the transport system.  

In this communication we propose to analyze the effects of two transport time budget (TTB) oriented policies on the problem posed by the massive emission of carbon dioxide by transport activities:

· Policies aiming to reduce average car speeds at the same time that we augment public transport speeds transport time budgets are stable.
· Policies aiming to restrict mobility by reducing average modal speeds while augmenting TTB.
In order to quantify the effects of these policies we will use the TILT model  which takes into account the existing links between demography, economic growth, transports and CO2 emissions. 
3. The TILT model (Transport Issues in the Long Term model)

In light of the environmental situation, it is, more than ever, vital to shed some light on the important role played by transport activities and mobility in greenhouse gas  emissions. It is equally important to develop environmental policies for GHG emission reduction and to be able to model them correctly and asses in detail the effects of the different technological, institutional, regulatory and economic options available. The TILT model is a flexible tool that does just that.

The TILT model has been designed to be a very long term model by combining two methodologies: a back-casting approach and a re-foundation of the energy-environment modeling structures in order to properly assess very long term modification of social and cultural preferences as well as technology evolution in relation to them.
Because sustainable development is a highly complex problem area (which will probably call for major changes of industrialized societies and long-term strategic planning) the choice of method in order to partake our analytical study was very important. It is why, once we had taken into consideration the specific needs of our work, a backcasting method seemed to be the most appropriate methodology. 
Backcasting studies typically aim at providing policy makers and an interested general public with images of the future as a background for opinion forming and decisions (CLEMENT, 1995). Consequently, the results offer a new concrete and applied vision of the policies to partake in order to attain an environmentally sustainable mobility. 
Moreover, in the field of future-oriented studies, the traditional forecasting approach is still dominant, but scenarios have come widely into use during past decades, because they allow a broader analysis when compared with a formalized prognosis methodology. 

In our project, the scenario construction task is currently being carried out using the TILT model in close collaboration with industrials, researchers and public authorities as to better measure the effects of different factors on society, economy and energy consumption while ensuring the viability of the different scenario options.

TILT enables the user to calculate energy consumption and pollutants, emitted by transport activity (freight and passengers), and has two important functions:

· Modeling the vehicle park according to: age; motor technology; and year of production (for freight and passengers).

· Modeling passenger-kilometers and ton-kilometers according to motor technology used for journeys and area of service
By joining these two functions and the different TILT modules it is possible to quantify the consequences of mobility on the environment and to detail the systems’ structure according to behavior changes, technology used, vehicle park dynamics, nature of a journey and vehicle age.

TILT gives a precise view of traffic by motor technology, gas consumption and emission levels for each type of transport according to service distances and type of vehicle. These results coupled with the model’s structure make TILT a powerful tool for scenario exploring.
The utility of the TILT model lays not only on its capacity to be flexible concerning political transport measures, changes in demography, behavioral differences as well as changes in the transport structure but also in its capacity to integrate new technologies’ influence according to their year of entrance on the market and their ability to penetrate.
4. Identifying general tendencies
The problem of CO2 emissions reduction in France can be easily resumed as follows: If, in the following years, France experiences important economic growth as well as strong technology development, the GHG reduction objective will pose small difficulties. In every other case it will be absolutely necessary to develop and carry out stringent public policies (that can vary in importance as technology development varies) that will bring about changes in the heart of the transport systems’ organization and on general behavior of passengers. 

For the matters of this paper, we have identified four main tendencies concerning economic growth and technological progress in relation with their influence on mobility and CO2 emissions in the long term.  Each one of these tendencies would require a different level of organizational and behavioral change in order to attain a factor 4 objective. This means each tendency would require its own policy mix that would vary according to the technology development attained by society.
[Figure 1: Sustainable Mobility Tendencies]
The first quadrant on figure 1 represents a situation where structural organization and passenger behavior would not need important modifications because of the important advances in technology. 
The second quadrant represents a situation where we would have continuous economic growth (as well as mobility) without –or very little- technological progress. This means that heavy changes in the transport system’s structure; in passenger behavior and in the system’s organization would be required surely required to reduce GHG emissions.

The third quadrant represents a situation where we would have little economic growth or we could even consider a crisis situation with no –or very little- technological progress. This type of situation would mean that the reduction in mobility –due to the economic or social crisis- would most probably help the environmental situation in general but policies would still be needed. 

Quadrant 4 gives us a situation where we have no economic growth but where we could still manage to continue to have technological progress.
The interest of presenting these general tendencies is to clearly state that unless the world (and France too) where to experience a change of paradigm in technology over the next fifty years (which is a possibility that we cannot exclude), transport as we know it today and passenger behavior will clearly have to change.  As we will see in the following sections, this change will be more or less important depending on the technological advances that could be achieved in the future.
5. The 2050 reference scenario

In order to analyze policy and technology effects on the transport system, we had to find an official and rigorous reference scenario which we found in the 2006 study that the “Conseil General des Ponts et Chaussés” carried in order to create 4 « business as usual » reference scenarios. For the purpose of this paper we retained one of these scenarios (World Governance and Environmental Industry) as our reference and we will test the proposed policies in the second section using this base. 
To carry out our analysis we first explored the meaning of the CGPC scenario concerning organization of the transport system and passenger behavior. To be able to do this, we proceeded to the “translation” of the reference scenario into the TILT formal language. This exercise permitted us to:

· Reveal the implicit values of the scenario

· Reveal the different types of organization possible that where able to produce the same level of traffics (which will be presented in section 6 as visions I, II, III and IV)

The “World Governance and Environmental Industry” scenario of the CGPC corresponds to a 1449 GPKM level of personal mobility.
This scenario was translated into the TILT language through to the following key variables:

· Economic growth from 2000 à 2050: 1.5% average per year. 

· Total French population in 2050: 67 million inhabitants. 

· Private car average highway speed:  114 km/h en 2050

· Public transport and city cars average speed of 26 km/h

· Interregional trips in public transport have an average speed of: 60 km/h
· High speed trains travel at an average speed of: 300 km/h

· The average speed for airplanes is : 650 km/h
· The average speed for urban personal vehicles is: 30 km/h
The main structural hypotheses used in the TILT model for the reference scenario are:
· Travel time budgets are considered to be around a 1h average 

· Kilometer saturation for personal vehicles is fixed at 12000 km per year.
· A speed/GDP elasticity of: 0,47
The base scenario has the following results concerning modal split and carbon dioxide emissions:

[Table 1: Modal split according to service zone (reference scenario)]
6. Testing the policies
Having determined the internal characteristics of the 2050 reference traffics calculated by the CGPC, we proceeded to modify the transport system organization through mobility policies that respected the final traffic results. This way we tested:
· The rise of general speeds while maintaining a stable transport time budget. This supposes a speed/GDP elasticity around 0,47
· The rise of the transport time budget while freezing speed averages. This supposes a speed/GDP elasticity that would be practically equal to zero.

This exercise enabled us to determine what the effects of these types of mobility policies would mean in the future and its effects on the transport system organization as well as passenger behavior.

Policies aiming to reduce average car speeds at the same time that we augment public transport speeds and leave average transport times stable.
The following two visions (I and II) of the reference scenario will examine the effects of policies aimed at making personal vehicles less attractive –concerning speed- and incites passengers to shift over to public transport which offers speedier service. The first vision (I) will favor modal shift towards high speed trains in long distance journeys and the second vision (II) will favor modal shift towards the airplane.
Vision (I) of the reference scenario has the following characteristics:
· Economic growth from 2000 à 2050: 1.5% average per year. 

· Total French population in 2050: 67 million inhabitants. 

· Private car average highway speed:  80 km/h en 2050

· Public transport average speed of 18 km/h

· Interregional trips in public transport have an average speed of: 60 km/h

· The average speed for urban personal vehicles is: 20km/h

· High speed trains travel at an average speed of: 270 km/h

· The average speed for airplanes is : 630 km/h

The main structural hypotheses used in the TILT model for this vision (I) of the reference scenario are:
· Travel time budgets are considered to be around a 1h average 

· Kilometer saturation for personal vehicles is fixed at 12000 km per year

· A speed/GDP elasticity of: 0,47
Here are the results:

[Table 2: Modal split according to service zone and emission reduction (first vision)]

The second vision (II) of the reference scenario has the same traffic level as the BAU reference and has the same average speeds as the first vision (I) but it has been tweaked to favor airplane travel in long distance trips.
Here are the results:
[Table 3: Modal split according to service zone and emission reduction (second vision)]
As we expected, the airplane vision has poorer results concerning GHG emissions. It is important to underline that while high speed trains consume large quantities of electricity, its effects on GHG emissions are rather soft because France’s electric plants are mostly nuclear (a subject that is highly controversial as to its long term effects on the environment, but not the issue of this paper) 

In both of these visions of the reference scenario we can suppose that the French transport structure and its organization would need a lot of investments and a very fine tuned strategy. Public transport routes would have to be redesigned in order to offer a fast service able to compete with personal vehicles and public acceptance would take an important role in its feasibility. 

These two visions imply that economic growth and transport would continue to be strongly coupled, but that an important reorganization effort could help reduce GHG emissions.

Policies aiming to restrict mobility by reducing average modal speeds while augmenting TTB

The third vision (III) of the reference scenario –higher speeds and modal transfer towards fast modes- has the following characteristics:

· Economic growth from 2000 à 2050: 1.5% average per year. 

· Total French population in 2050: 67 million inhabitants. 

· Private car average highway speed:  85 km/h en 2050

· Public transport average speed of 27 km/h

· Personal vehicles’ average speed of: 54 km/h

· Interregional trips in public transport have an average speed of: 85 km/h

· The average speed for urban personal vehicles is: 21 km/h

· High speed trains travel at an average speed of: 300 km/h

· The average speed for airplanes is : 650 km/h

The main structural hypotheses used in the TILT model for the reference scenario are:

· Travel time budgets are considered to be around a 1,4h average 

· Kilometer saturation for personal vehicles is fixed at 12000 km per year.

· A speed/GDP elasticity of: 0

In this vision of the reference scenario all average speeds were reduced between 5%-10%, and the effects were absorbed by a jump in transport time budgets. To achieve this, we had to suppose a speed/GDP elasticity equal to zero (because the “need for speed” is suppressed) and passengers’ average time in transport became practically the same as a it is for a Paris inhabitant today.

As we can see in the table 4 results: since all average speeds went down and transport times went up, passengers flock to public transports in cities, but stick to their personal vehicles when traveling long distances. 

This effect on short distances is actually obtained because as TTBs go up, cities go into a densification process. Malls, outlets and services start thinking about proximity. More people and more jobs concentrate in a smaller area. 
On the other hand, when traveling long distances, people prefer the commodity of their personal vehicles than spending time on a train and people simply choose to go on vacation in continental Europe instead of getting on a slow plane.

[Table 4: Modal split according to service zone and emission reduction (third vision)]
Even though this vision of the reference scenario implies important reductions of GHG (over 50%), regional and long distance trips are still predominantly accomplished in personal vehicles. 
Vision IV of the reference scenario will try to overturn this important use of personal vehicles by blocking maximum distance per personal vehicle at 10000 km per year per car (instead of 12000). 
Here are the results:

[Table 5: Modal split according to service zone and emission reduction (fourth vision)]
As we can see, passengers are –in a way- driven towards public transports, and actually travel a little farther by plane and TGV in order to saturate their need for distance. This vision gives us better results concerning GHG emissions, and is 13 points off the ultimate objective of a 75% reduction.

In this case we could think that in order to come back to equilibrium, cities would have a tendency to become denser. People would look to live and work in the same area; the commerce and services sector would know a big expansion; there would be a need for local commerce and the service sector would be quickly developed in delivery services as well as in developing in-home commodities. In order to make TTBs profitable, we could see a great development of local amenities or even see a big boom in the on-board/in-transport services sector: libraries in subway stations, on-board telecommunication services for public transport, etc.

7. Introducing technology
Each and every one of the visions presented in the last section had no aid from technological advances that could take place in a long term future. All emissions calculated for the visions correspond to a business as usual technological set where only internal combustion engines would become more performing than present engines. In this section we will present results for two technological sets were we will first asses the impact of introducing hybrid vehicles in 2010 and then explore the technology needs in order to achieve a 75% reduction.
The first technological set introduces into the TILT model hybrid vehicles starting from 2010 and electric vehicles from 2020.
Here are the results for all four visions:

[Table 6: Emission reduction (first vision - tech set2)]
[Table 7: Emission reduction (second vision - tech set2)]
[Table 8: Emission reduction (third vision - tech set2)]
[Table 9: Emission reduction (fourth vision - tech set2)]
The third technological set is an exploratory set where we introduced different technologies until we reached -or got near - the ultimate objective: a 75% reduction in GHG emissions. This third technological set’s goal is only to show what would be required (for the policies tested) in technological advances in order to have an important impact on curbing the environmental hazard GHG emissions suppose. 
In order to attain the following results, we had to suppose that hybrid vehicles would hit the market in 2010, electric vehicles in 2020 and hydrogen vehicles would begin to be available on the market from 2030. 
Here are the results:

[Table 10: Emission reduction (first vision - tech set2)]
[Table 11: Emission reduction (second vision - tech set2)]
[Table 12: Emission reduction (third vision - tech set2)]
[Table 13: Emission reduction (fourth vision - tech set2)]
8. Conclusions

In this communication we have presented preliminary results from an on-going scenario building project. We tested two types of general policies that could have an impact on GHG emissions, offered two visions for each policy and we calculated the emissions linked the four different test visions of the reference scenario for three types of technological sets. No real way of implementing these policies was proposed but this will be the objective of future studies to come. 
One of the most important things our research has helped us prove is that even if important technology advances become a part of our everyday lives in a short period of time (something technology has many times been able to do but has never been able to assure), we still might need to find a solution by mixing technology with important changes in the transport structure.

As we could see in the “set tech” results, the reduction difference between the vision that presents the highest reduction rate and the vision that presents the lowest reduction rate is around 20 GHG reduction points. This most certainly proves that for a same technological future (be it important or not), changes in organization and behavior can mean a big difference concerning oil consumption and GHG emissions.
Betting on technological advances only, even if tempting, does not really seem realistic for the moment. It seems that changes in behavior and organization will also be a part of the future and it seems more than evident that the solution to the sustainability problem and to the oil-dependence problem will most certainly pass by a mix of technological advances and social policies.
Even though society has a long way to go in creating new policies and implementing them without forgetting the impact they could have on everyday life and on a country’s/zone’s/world’s economy. The real challenge for a sustainable future will be:

· To implement sustainable environment policies while, at the same time, ensuring sustainable mobility, and sustainable economy as well as political and public acceptance.

· To be able to convince almost every country in the world to do the same while not forgetting equity issues between countries and populations.
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Table 1: Modal split according to service zone (reference scenario)
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Table 2: Modal split according to service zone and emission reduction (first vision)
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Table 3: Modal split according to service zone and emission reduction (second vision)
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Table 4: Modal split according to service zone and emission reduction (third vision)
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Table 5: Modal split according to service zone and emission reduction (fourth vision)
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Table 6: Emission reduction (first vision - tech set2)

[image: image6.wmf]Emissions-(year 2000 values=100; 75% reduction=25)

TOTAL 

34,6

Urban

22,8

Regional

79,2

Long Distance

105,1



Table 7: Emission reduction (second vision - tech set2)
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Table 8: Emission reduction (third vision - tech set2)
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Table 9: Emission reduction (fourth vision - tech set2)
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Table 10: Emission reduction (first vision - tech set3)
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Table 11: Emission reduction (second vision - tech set3)
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Table 12: Emission reduction (third vision - tech set3)
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Table 13: Emission reduction (fourth vision - tech set3)
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Figure 2: TILT’s park vehicle distribution module-screen capture 
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Figure 3:TILT’s airplane movement module for freight-screen capture 
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Figure 4: TILT’s technology diffusion module-screen capture
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